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INTRODUCTION. 


The studies in the biology of the Mexican cotton boll weevil (An- 
thonomus grandis Boh.) upon which this paper is based were con- 


“The cotton varieties used in these studies were a short-staple upland cotton known 
as King, a long-staple variety known as Webber No. 49, and a sea-island cotton known 
as Hope Straight. 
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ducted at Madison, Fla., during the years 1918 and 1919. The results 
recorded herein in addition to representing the first serious study of 
the boll weevil east of the Mississippi River also indicate the rapid- 
ity with which the weevil is adapting itself to new environmental 
conditions in its spread eastward. 

Owing to the very decided effect of climatic factors on the biology 
of the boll weevil, it has been found necessary to study the develop- 
ment of the weevil under both field and outdoor insectary conditions. 

In order to throw some light on the possibility of growing sea- 
island cotton under weevil conditions, a comparative study of the 
biology of the weevil on upland, long staple, and sea-island cottons 
is included herewith. Since all methods of control are usually based 
upon facts secured from biological studies, the results of the life- 
history studies recorded herewith are of considerable importance to 
the cotton growers east of the Mississippi River. 


HISTORICAL REVIEW. 


A review of the studies in the life history of the boll weevil is 
presented herewith. This review is of interest in that it shows the 
times and conditions under which studies have been conducted. 

The earliest work was that at Victoria, Tex., in 1902 and 1903, the 
results being published early in 1904.2, This was followed by similar 
investigations at the same place during 1904, and the results of these 
studies were included in a bulletin issued in 1905.% 

During 1910 similar investigations were conducted at Tallulah, 
La., and the results were published in 1911.4 

Then, in 1912, these studies and such others as had been made 
elsewhere were brought together in a large bulletin.® 

During 1913 another series of studies was conducted at Victoria, 
Tex., to check those which had been made at the same place 10 years 
earlier. It was found that the weevil had made a number of im- 
portant changes in its hfe history, principal among these being a 
much greater adaptability to plants other than cotton as food. The 
biology of the Arizona Thurberia weevil was also studied, and this 
variety was hybridized with the Texas cotton weevils. The results 
of these studies are included in three papers.® 


1 Quoted from Howe, R. W., Bul. 358, U. S. Dept. Agr., p. 2-3. = 

2Hunter, W. D., and Hinds, W. E. The Mexican Cotton Boll Weevil. U.S. Dept. Agr. 
Bur. Ent. Bul. 45, 116 p., 16 pl., 6 figs., 1904. 

3 Hunter, W. D., and Hinds, W. E. The Mexican Cotton Boll Weevil. U. S. Dept. of 
Agr. Bur. Ent. Bul. 51, 181 p., 23 pl., 8 figs., 1905. 

Cushman, R. A. Studies in the biology of the boll weevil in the Mississippi Delta re- 
gion of Louisiana. Jn Jour. Econ. Ent., v. 4, no. 5, 1911. p. 432-448. 

5 Hunter, W. D., and Pierce, W. D. Mexican Cotton Boll Weevil. U.S. Dept. of Agr. 
Bur. Ent. Bul. 114, 188 p., 22 pl., 34 figs., 1912. 

6 Coad, B. R., and Pierce, W. D. Studies of the Arizona Thurberia weevil on cotton in 
Texas. Proc. Wash. Ent. Soc., v. 16, no. 1. p. 23-28. 1914. 

Coad, B. R. Feeding habits of the boll weevil on plants other than cotton. U.S. Dept. 
Agr. Jour. Agr. Res., v. 2, no. 3, p. 235-245. 1914. 

Coad, B. R. Recent stuilies of the Mexican Cotton Boll Weevil. U.S. Dept. Agr. Bul. 
231, 34 p., 1 fig. 1915. 
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In 1914 the life history and habits of the Arizona weevil were 
studied under natural conditions in the mountains near Tucson, Ariz. 
These studies are discussed in two papers.” 

Thus it is seen that these studies embrace a wide range of time and 
conditions. In fact, the conditions of humidity, rainfall, tempera- 
ture, altitude, soil, etc., include practically all extremes found in the 
cotten belt. 


SCOPE OF THE PRESENT LIFE-HISTORY STUDIES. 


The biological studies of the boll weevil at Madison, Fla., during 
the year 1918, included a thorough study of the boll weevil under 
outdoor insectary conditions on both upland and sea-island cottons. 
The main object of this study was to determine the difference, if any, 
in the weevil’s biology on the two kinds of cotton. During the month 
of August, 1918, a small series of experiments was made to deter- 
mine the length of the developmental period of the weevil from egg 
to adult under actual field conditions. The results of the field studies 
indicated conclusively that a wide variation existed in the length of 
time required for the developmental period of the weevil under 
insectary conditions compared with the true developmental period 
under normal field conditions. Consequently the studies in the 
biology of the weevil during the year 1919 were arranged to include 
a thorough study of the field biology of the boll weevil. Insectary 
studies in the biology of the weevil were conducted at the same time 
the field tests were under observation, to serve as a check. 


METHODS USED IN THE STUDY OF THE BOLL WEEVIL UNDER 
OUTDOOR INSECTARY CONDITIONS. 


The numerous experiments of 1918 were conducted in a specially 
constructed outdoor insectary at the Madison, Fla., laboratory (fig. 
8). The sides of. the insectary building were constructed entirely 
of 16-mesh galvanized wire screen from the floor to the ceiling, 
which permitted free air circulation at all times. The roof of the 
insectary building extended 2 feet over the sides of the building, 
preventing the direct rays of the sun from touching any of the breed- 
ing jars. All the insectary breeding work was conducted in glass 
tumblers half filled with white sand. The sand was kept constantly 
moist. Lantern globes with cheesecloth covers were used for the 
longevity experiments. 


7Coad, B. R. Relation of the Arizona Wild Cotton Weevil to Cotton Planting in the 
Arid West. U. S. Dept. Agr. Bul. 233, 12 p., 4 pl. 1915. 

Coad, B. R. Studies on the Biology of the Arizona Wild Cotton Weevil. U. S. Dept. 
Agr. Bul. 344, 23 p., 2 pl., 1 fig. 1916. 
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METHODS USED IN THE STUDY OF THE BIOLOGY OF THE BOLL 
WEEVIL UNDER FIELD CONDITIONS. 


Large 16-mesh galvanized-wire screen cages 3 by 3 by 4 feet high 
were used in conducting the field biological studies of the weevil. 
The cotton plants used in the breeding work were first examined 
carefully to make certain that no infested squares were present. 
The large cages were then placed over the plants and a male and a 
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Fic. 1.—Map of the sea-island cotton area of the United States showing distribution 
by counties. Each dot represents an average production of 500 bales. (From Orton, 
Bur. Plant Industry, U. S. D. A.) 


female boll weevil liberated in each cage. On the following day all 
squares found with egg punctures were recorded, each infested square 
bearing a light string tag showing the number of the weevil and the 
date of the egg puncture. After the squares were examined and 


tagged the cage and weevil were removed to a noninfested plant and 


the process repeated. Daily observations were made on the plants 
bearing the tagged squares and the date the infested square dropped 
off the plant was recorded on the tag. As soon as the infested 
squares dropped off the plants they were placed in a field hatchery 
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(fig. 7). The field hatchery consisted merely of a certain area in 
the cotton field about 20 feet square. The infested squares were 
placed in the hatchery beneath the cotton plants in the natural posi- 
tion of fallen squares. After 15 days from the date of egg puncture 
the infested squares were placed in small wire-screen hatching cages 
(fig. 7). The hatching cages were constructed of 16-inesh wire 
without bottoms and protected the infested squares in such a manner 
that the squares received about the same amount of sunshine and 
moisture as under normal field conditions. Maximum and minimum 
thermometers were installed in the field hatchery (fig. 9). Both in- 
struments were resting on the soil in order that the exact minimum 
and maximum temperatures to which the developing weevil was 
subjected under field conditions might be determined. 

Ten hibernated male and female weevils were used to secure the 
developmental period of the first generation of weevils on upland 
cotton. In addition, 10 hibernated female weevils that had not been 
fertilized were used to determine the effect of nonfertilization after 
emergence from hibernation on the progeny produced. When the 
first generation weevils became adults 10 pairs were selected and used 
for securing the fecundity records on upland, long staple, and sea- 
island cottons. The fecundity records for the second generation on 
upland cotton were secured in a like manner. After the 15th of 
August, however, the weevils had developed so rapidly in the field 
that it was necessary to discontinue the study of the developmental 
period of the weevil for each successive generation. 

For securing the effect of the lower fall temperatures on the de- 
velopmental period of the weevil, upland cotton plants were stripped 
of all cotton squares and then caged. As soon as the plants grew 
new squares female weevils were placed in the cages for oviposition 
purposes. About every 20 days a new series of developmental studies 
was inaugurated. This process was continued until frost killed the 
cotton plants in late fall. 


FOOD PLANTS OF THE BOLL WEEVIL. 


Owing to the economic importance of the question as to whether 
or not the boll weevil can adapt itself to plants other than cotton for 
food, this phase of the life history has been carefully studied in 
practically every section of the cotton belt. 

The boll weevil has as regular food plants the cultivated cottons 
of the United States, Mexico, Cuba, and Central America, and certain 
wild cottons, including Gossypium davidsoni on the coast of the 
Gulf of California, and also the so-called wild cotton, T’hurberia 
thespesioides, in Mexico and Arizona. 
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The breeding experiments of Coad and Howe, both published, show 
that the weevil can live on Hibiscus, and Coad reared an adult from 
Hibiscus, but the weevil can not normally attack the plant. So far 
as we know, there are no plants growing in Florida or the southern 
States that are adapted to serve as food plants of the boll weevil. 


THE BOLL WEEVIL ON SEA-ISLAND COTTON. 


FEEDING EXPERIMENTS TO DETERMINE THE PREFERENCE SHOWN BY THE BOLL 
WEEVIL FOR SEA-ISLAND COTTON. 


A known number of adult boll weevils were placed in battery 
jars and allowed to feed on bolls, squares, and leaves. Each jar 
contained both sea-island and upland bolls, squares, and leaves, and 
careful records were taken every two hours to determine whether 
there was any preference by the weevil for either of the two types 
of cotton fruit and foliage. The experiments were conducted in 
an outdoor insectary where normal atmospheric conditions prevailed. 
The data obtained in order to ascertain whether there is any pref- 
erence by the boll weevil for sea-island as compared with upland 
cotton are given in Table I. The records presented in this table show - 
that the boll weevil seems to prefer sea-island foliage to upland 
foliage, and that it shows a distinct preference for sea-island bolls 
compared with upland bolls. It appears also that there is a tend- 
ency to feed on upland squares in preference to sea-island squares. 


TaBLE I.—Feeding choice of boll weevil between sea-island and upland cotton, 
Madison, Fla. 


Total number of Percentage of 
times weevils were feedings recorded 
Number gigi observed. Ones: 
weevils cis 
mer ae vidual Bedi Feeding ; 
merit obser on sea- | Resting Upland | . Sea- 
vations. upland island Beas cotton. ssiand 
cotton. | cotton. Be. von. 
1840) | Se Seas as as a Oe ee 10 290 64 118 108 22.0 40.6 
NODE R SE Gagauebes aHeseeea debosesoctbed 10 290 135 110 44 46.9 37.9 
WGA ViOS ste yoo ck a aeeieteloe mee ee lec. 10 290 77 129 84 26.5 44.4 
Motale. eerste Pee ee cee ke | 30 870 276 357 236 131.8 140.9 
| 
1 Average. 


In Table I attention is called to the preference by the boll weevil 
for sea-island bolls over upland bolls in the experiments conducted 
on the feeding habits of the weevil. In 1917, in order to secure fur- 
ther data on this phase of the weevil’s attack, the writer examined at 
random each week 100 grown bolls of each variety of upland and sea- 
island cottons that were still green, beginning on the 19th of July, the 
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bolls being collected under similar field conditions. These records 
were continued throughout August and to the 1st of September. 
Table II shows the results of this examination: 


TABLE II1.—Record of weevil infestation in green bolls of sea-island and upland 
cottons, Madison, Fla. 


] 
| | Upland cotton | Sea-island cotton 
bolls. 


Total 
num- 

Date of examination. a Nee NGane 
exam- Nome ber Re ber 
ined. clean pede clean ured 

1917 

Tunlyail Quer ners series cee anne ee cde cen eae 200 91 9 74 26 
UU Pie hes oe OSU AR CEB ARES a od esaES BEaaRC ou Gar EE Seema mae 200 89 11 81 19 
SEB A ayaa cee en ye neh eee oes hase 200 92 8 69 31 
PANTS eas eres ame eee RAE Saw mee Meee NEAT 5 eo eetems 200 92 8 69 31 
INUVS SG a oe Bs Se Ere Sn ep ee ae er 200 91 9 39 
INTRA DRS 2 5 ses CTE a a NE Eee ee a ie N= 1600 36 64 2166 3 334 
SED Fads Sac o GHGS S OBE OSes Baten wet ws cL Reeaaiene aa aes ie 200 38 62 29 71 
AWE Y EET I pt x hc Slle ea eRe (LN pateaee a Ne AG Rage Oy, Rea SIRES Ua 1,800 529 171 549 551 

Pe CeMt pun CtUned seeps eae sete see Dae ene Nese mace astro ce ata o Samiercsars Pe ESS ees 50. 09 

1500 sea-island. 233 per hundred. 367 per hundred. 


A careful study of Table II shows that the number of weevils 
attacking sea-island bolls was far greater than the number attacking 
upland bolls. Observations in the field also show that a great many 
more weevils are to be found feeding on the sea-island bolls than on 
upland cotton bolls. 


LONGEVITY OF ADULT BOLL WEEVILS ON UPLAND AND SEA- 
ISLAND COTTON. 


The length of time adult weevils live on upland cotton has been 
determined for several different times and places. The object of 
the longevity tests at Madison, Fla., was to determine whether there 
was any considerable difference in the length of life of weevils fed 
on upland and sea-island cottons. 

Table III gives the observations on the longevity of the weevil 
when fed upon different parts of the upland cotton plant. The 
maximum longevity of 84 days was shown by a male weevil that had 
hibernated over the preceding winter and emerged from hibernation 
during the month of April. The average longevity for hibernated 
weevils without food was 12.7 days, compared with an average of 
18.8 days for hibernated weevils fed on cotton plantlets. Adult 
weevils of the first and second generations lived an average of 24.3 
days on cotton squares and 12.3 days on green cotton bolls. 

Table IV gives the data concerning the longevity of boll weevils 
on sea-island cotton. The maximum longevity on sea-island cotton 
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was made by a first-generation female weevil that became adult dur- 
ing the latter part of June. This weevil lived a total of 67 days. 
The maximum length of life for the male weevils was also recorded 
for a first-generation weevil that became adult during the latter part 
of June. This weevil lived a total of 65 days. The average lon- 
gevity for hibernated weevils fed with sea-island cotton plantlets was 
11.05 days. The weevils lived 10.7 days on sea-island squares and 
15.3 days on green sea-island cotton bolls. By comparing the aver- 
age longevity of the weevil on sea-island cotton with the average 
longevity on upland cotton, it is clearly demonstrated that there is 
little, if any, difference in the food value of sea-island and upland 
cotton on the longevity of adult weevils. 


THE SIZE OF THE COTTON SQUARE ATTACKED BY BOLL 
WEEVILS. 


Male and female weevils feed largely on the cotton squares, except 
in the case of sea-island cotton, where there is a decided tendency 
to feed upon the bolls as well as the 
squares. Upland cotton squares grow 
very rapidly and there is little oppor- 
tunity afforded for direct feeding on 
the very small squares, except during 
the period when the first squares come 
on the plants and again when all 
Fic. 2.—Three sizes of sea-island cot- SQUares are punctured. However, 

ton squares chosen for oviposition by geg-island squares do not grow very 

the boll weevil. ° 

rapidly and a large number of the 
small squares are shed by the plant from feeding and egg punctures. 
It has been observed that a large number of undersized weevils are 
produced in sea-island cotton fields. These weevils are largely the 
result of eggs having been deposited in undersized squares, which re- 
sulted in an undersized weevil, owing to the lack of proper larval food 
(fig. 2). When a large number of sea-island squares are offered a 
female it has been observed that she invariably chooses the smaller 
squares for oviposition purposes. No records are available to show the 
length of the developmental period for weevils developing in under- 
sized squares on sea-island cotton ; however, it is not thought that there 
is much variation from that in large-sized squares. Observations on 
the size of weevils bred from bolls show that, except in the case of 
very young bolls which shrivel and dry very rapidly, nearly all 
weevils produced are of normal size. Sea-island cotton bolls seldom 
produce small-sized weevils, as the boll is very moist and. furnishes 
much better conditions for weevil development than upland cot- 
ton bolls. 


Yt 
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LOCATIONS SELECTED FOR OVIPOSITION ON SEA-ISLAND AND 
UPLAND COTTON SQUARES. 


Upland cotton squares are usually punctured at the base of the 
square, as is shown in Plate I, figure 2.. During the writer’s studies 
at Thomasville, Ga., in 1916, the majority of the punctures were 
observed, in the case of sea-island cotton, to be on the upper portion 
of the square. There is little proliferation around the weevil punc- 
tures on the sea-island squares, the punctures being mere specks as 
compared to those on upland cotton. This characteristic location for 
egg deposition is shown in Plate I, figure 1. 


PERIOD FROM EMERGENCE TO OVIPOSITION. 


Female weevils bred in the outdoor insectary required an average 
period of 8.9 days from the time they became adult to the date of 
oviposition. ‘The period of time from emergence to oviposition 
varied from 6 to 20 days for weevils bred under insectary condi- 
tions. 

Boll weevils bred under normal field conditions appeared to have 
more vitality than weevils bred under insectary conditions. A 
record of 38 first-generation weevils bred under normal field condi- 
tions gave an average period of 7.07 days from the time they became 
adult to the date of oviposition. 


OVIPOSITION PERIOD OF THE BOLL WEEVIL UNDER INSECTARY 
CONDITIONS. 


The oviposition records for the weevil on upland cotton are pre- 
sented in Table V. Hibernated female weevils kept with male 
weevils throughout hfe deposited eggs over an average period of 
35.9 days compared with an average period of 21.7 days for females 
that were not kept with male weevils. The hibernated fertilized 
and nonfertilized weevils deposited a total of 3,605 eggs or an average 
of 7.2 eggs per day per female. During the lifetime of both series 
of hibernated weevils an average of 171 eggs was deposited by each 
female. The greatest number of eggs deposited during any one day 
by a single hibernated female weevil, under insectary conditions, was 
20. ‘The heaviest oviposition during the lifetime of both series of 
weevils was from the fifth to twenty-fifth days (fig. 4). The first- 
generation weevils deposited eggs for a period of 39.7 days and the 
second generation over a period of 35.2 days. The average period 
of oviposition on upland cotton for all weevils under observation was 
33.1 days. The relationship between the mean daily temperature and 
the mean daily oviposition of the hibernated weevils is shown to cor- 
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respond very closely; that is, the higher the mean daily temperature 
the higher the average number of eggs until the period of oviposition 
begins to decline (fig. 3). 


a 


¢ 
=a 
26, 27,28. 29,0 2/| 1 2)P F557, BS OW IEA A ASS, MHIP IE 19. De2. 22.23 B25. 20,27, 26,29,30|/ 2,7 OSE ? 
14 OW. z 


MEAN LIAAILY TE MEL RATURLE 
mown nm—— MEAN OYLY OVIPOSITION OF 
HIGERNATED FELPTALE 


Fic. 3.—Relation of mean daily temperature to mean daily oviposition of hibernated 
~ weevils. 


The oviposition records of the boll weevil on sea-island cotton 
differ very little from those on upland cotton under insectary 
conditions. The female weevils fertilized in the spring deposited 
eggs for an average period of 31.days and the hibernated weevils 
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Fic. 4.—Mean daily oviposition of female weevils in upland cotton squares. 


fertilized in the fall, for an average period of 27.1 days. The first 
and second generation weevils deposited eggs for average periods of 
35.4 and 33.6 days, respectively. The average oviposition period for 
the females in sea-island cotton squares is shown to be 31.6 days. 
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TABLE V.—Oviposttion period of the boll weevil on upland and sea-island cotton 
squares, insectary records, Madison, Fla., 1918. 


Upland cotton— A 
Nee period. Me Sea-island cotton. 
= ber ber 
Source of weevils. Season. XeOeall a LGA ee ES A SOS 
males. | Maxi- | Mini- | Aver- | males. | Maxi- | Mini- | Aver- 
mum.|mum.| age. mum.|mum.| age. 
Days. | Days. | Days. Days. | Days. | Days 
Hibernated............- May-July.-....-- 12 59 16 | 35.9 15 52 1 31 
Hibernated, fall fertili- |....- dons sees 10 53 5 | 21.7 10 44 16 Pea 
zation. 
First generation--.....- June-August. --- 8 55 31} 39.7 10 47 25 35. 4 
Second generation. --.-. July-September. 10 45 20) 35.2 10 46 19 33. 6 
NOY] LAS eee eee || Pe Re a ere sé AQ il pasty eas| Soh oes 33.1 Aya bea cna | aoe ee 31.6 


SUMMARY OF THE FECUNDITY OF THE BOLL WEEVIL ON SEA- 
ISLAND AND UPLAND COTTONS UNDER INSECTARY CONDI- 
TIONS. 


Table VI gives a summary of the fecundity records of the boll 
weevil on sea-island and upland cottons. Here it is shown that the 
average number of eggs per day was highest with hibernated weevils 
for both types of cotton.. The maximum number of eggs per day was 
made by a first-generation female on upland cotton and the maximum 
number per day on sea-island cotton was made by a hibernated 
weevil. The average number of eggs per female on upland cotton 
‘was 166.1 and the average number of eggs per day 4.92. On sea- 
island cotton the average number of eggs per female fell to 113.5 and 
the average per day to 3.8. These averages compare closely with 
those secured on upland cotton at Victoria, Tex., in 1913, where the 
females deposited an average of 212 eggs each and oviposition was 
at a rate of 5.9 eggs per day. 


TABLE VI.—Summary of the fecundity of boll weevils on sea-island and upland 
cottons under insectary conditions, 1918. 


Average! ,— Eggs per day. 
Number| number nctaee 
Source. offe- | ofeggs ent 
males per fe- eriod Aver- | Maxi- 
male Pp age mum. 
Upland cotton: Days. 
bern atedte sna. smeciee see ee ac acinar as aero 12 270. 3 35. 9 7.18 20 
Hibernated, fallfertilization. .-........ ssew EE cemented 10 117.7 21.7 5. 4 19 
WITSHSOMETAtLON Ss sees Sas ae ee ee Se a Seen 8 222. 8 39. 7 5. 6 25 
Secondigeneratvione cas. an see eee eee Pee ces 10 53. 9 3552 ILE i 
ANGE Le 2 SI SEE SR Se eee a Oe a a ees a ee PAC CVn ee A gh ta Bees) eae redoc 
IAC Es SS Bs SSE era RUA ae Ny TG DE 1 CR 0 Ol Wary Te 166. 1 33a ASOD hee ous 
Sea-island cotton: 
bern ated ae eee ie sulfa col aa ae eee 15 214.7 31 7. 38 19 
Hibernated, fall fertilization.........................-- 10 122 27.1 4.5 16 
HITS PCN ErallON eeeenr Meee ee ees eee eece erie ces 10 79.9 35. 4 222 11 
Secondigenerationecs ssss. Gece ees ae sans ee ee 10 37.5 33. 6 1.11 7 


14 BULLETIN 926, U. S. DEPARTMENT OF AGRICULTURE. 


THE AVERAGE DEVELOPMENTAL PERIOD OF THE COTTON BOLL 
WEEVIL UNDER OUTDOOR INSECTARY CONDITIONS. 


The data on the average developmental period of the boll weevil 
under outdoor insectary conditions for sea-island and upland cottons 
are presented in Table VII. These observations extended over a 
period of time beginning on May 26 and ending on September 10. The 
maximum developmental period of any weevil from egg to adult was 
18 days and the minimum period 11 days. On upland cotton 506 
male weevils bred in the insectary required a total of 7,568 weevil 
days, or an average period from egg to adult of 14.62 days. A total 
of 347 female weevils bred under insectary conditions required an 
average developmental period of 14.8 days. The average period of 
development for the immature stages bred in upland cotton squares 
is shown to be 14.91 days. 

On sea-island cotton 150 male weevils required 2.214 weevil days 
from egg to adult, or an average developmental period of 14.82 days. 
A total of 101 female weevils, bred in sea-island cotton squares, re- 
required 1,550 weevil days, with an average period of 15.06 days for 
development from egg to adult. There is practically no difference 
in the time required for development of the immature stages of the 
boll weevil in sea-island and upland cotton squares. 


Taslte VII.—Total developmental period of the boll weevil under insectary con- 
ditions, Madison, Fla., 1918. 


| 

= Both sexes. 
) 
Aver- 


« \f 

‘ (Ge Dae y 
a 

d 

| 


/ ; Oo ozs ! age 
Source of weevils. | Sarat} ee | Aver- | Aver-|Total| Total | de- 
food. period. Nom- Wee are | NUM Wee} SS S= vel 
| ber vil SS ber) wil | ooo ee ng 
| pred_.| days. | P= | bred.| days.) P&E | Dee | vil pment- 
wear obs 3 ~"| od. | bred.| days al 
; i i | i pei 
} | od. 
See (enemies) fee Me | es Se 
| | 
Upland cotton: Days.| i Days Days 
Hibernsted...| Cotton | May 26-July 27| 201 | 2,951 |14.09 | 126 /1,812 |14.38; 327 | 4,726 | 14.4 
| square} ail 
Dp ea Bee Te | May 29-July 23) 57 816 [13.4 | 41] 564 [13.7 98 | 1,380 | 14.08 
First genera- |-..do---_- | June 14-Aug.15{ 208 | 3,183 /15.3 | 133 [2,029 |15.2 341 | 5,218 | 15.38 
tion. | 
Second gener- |_..do-.---.| July 17-Sept5.}| 40 638 15.7 47} 742/159 , 87 | 1,380] 15.8 
ation. i 
Tou.» Epes Se Dies ee 506 | 7,568 |__....| 347 5,147 |_._-..] 853 112,704 j_.___- 
Average. 2222) 2s fie = 2 2-3 eee oe ae eee 14. 62 beeen te) eee pee 1491 
Sea-island cotton: | 
Hibernated...| Cotton | May 26-July 20, 67 965 |13.5 46 689 /13.46 115 | 1,654 14.3 
| square. | 
Doses |---do....| May 2-July1§ 34) 490/144 | 15) 220/146 | 49 0 | 14.08 
First genera- |-..d0-..--. June 21-Aug.15, 33 498 15.09} 15; 249/166 | 48 746 | 15.5 
tion. i 
Second gener- |...do....| July 1i-Sept.4/ 16{ 261/163 | 25) 392/15.6 | 41 653 | 15.9 
ation. i i i 
"Total. = 22. S:s2-- 222]; So eee eee 150 12, 214))-5 = 402 13,550 |____.- 253 | 3, 743:1-.__- 
A Veraee 2 ioe Fe a ee eee ode ene 14.82 ae 55.06: | 14.9% 
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THE DEVELOPMENTAL PERIOD OF THE BOLL WEEVIL UNDER 
FIELD CONDITIONS. 


Although it has been known that the factors of temperature and 
humidity influence the development of the boll weevil, and that labo- 
ratory breeding methods are more or less artificial, the exact differ- 
ence between the life history of the weevil under field conditions and 
in the laboratory has never been determined. 

In the experimental work at Madison, Fla., in 1918, it was found 
that the boll weevil in the field was requiring a considerably longer 
period for development than had been expected. Records tabulated 
by Hunter and Pierce * showed that the length of the developmental 


I'icg. 5.—Cages used in the oviposition studies of the boll weevil under field conditions, 
Madison, Fla. 


period varied with the length of time the infested squares hung on 
the plant after egg puncture. The Madison studies fully corrob- 
orate this statement. 

The field-breeding records were secured under conditions which 
most nearly simulate nature. A large cage was placed over a cotton 
plant on which there were no infested squares (fig. 5). <A single 
female or a male and female were liberated in the cage with the non- 
infested squares. On the second day if any squares were infested 
these were tagged (fig. 6) and the cage and weevil were then removed 
to a fresh cotton plant from which all infested squares had been 
removed. Thus day by day the weevil’s maximum oviposition capa- 
city was obtained and the infested squares remained on the plant 


8 Hunter, W. D., and Pierce, W. D. The Mexican Cotton Boll Weevil: A Summary of 
the Results of the Investigation of this Insect up to December 31, 1911. Senate Docu- 
Ment 305 (U. S. Dept. Agr., Bur. Ent. Bul. 114). 188 p., 22 pl., 33 figs. 1912. 
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normally, merely being weighted by a light string tag. When the 
infested squares fell the date was recorded on the tag. All of the 
infested squares of a certain weevil were assembled in an inclosed 
area to prevent damage (fig. 7) and placed on the soil under the 
plant just as they would normally lie. They were watched daily, 
and only about two 
days before emergence 
was expected were 
covered, still under 
the plant, by coarse 
wire screen cages (fig. 
7) in order to get the 
number of weevils 
that emerged and 
determine the sex. 
Hence abnormal con- 
ditions were experi- 
enced for only about 
2 days. 

Since these records 
indicated a much 
longer developmental 
period than was re- 
corded in previous 
bulletins, a complete 
series of control ex- 
periments was con- 
ducted in the outdoor 
insectary (fig. 8). 

: Se Ses It will be seen by 
Fic. 6.—The infested squares tagged on the cotton plant, Table Vill that the 

2] ae - developmental period 
in the tumblers under insectary conditions at Madison is much more 
rapid than under the most favorable outdoor conditions experienced. 


TaBLeE VIII.—Showing the length of the developmental period of the boll 
weevil under insectary and field conditions, Madison, Fla., 1918. 


In insectary, developmental Outdoors, normal develop- | Aver- 

period. mental period. | age. 

Ten-day oviposition period. ieee Days. eed Days. | Accel- 
ber of | ber of eration 

weevils Vils | of in- 
bred, | Maxi- | Mini- | Aver- bak Maxi- | Mini- | Aver- | sectary 

mum, | mum. age mum, | mum, | age. | days. 

ee, 

sono 4-139 ~ oe a ee 370 15.6 13.6 14.8 | 50 24.5 20.1 21. 6.8 
Joly S15 20 2 eee es 306 15.2 13.7 14.5 94 24.2 20.8 21.9 | 7.4 
Soly si—Ane 9. as ee S71, 18 14.8} 15.8 | B41. 243.1 39. 6:) ase 7.4 
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The development of the weevil is retarded on the plant, and more 
so on the ground, and accelerated in the insectary. The outside soil 
is either too hot or too cool and damp, while the insectary maintains 
a more even condition, warmer than the plant and cooler than the 
ground. | 

If one feels of a leaf or square on a hot day he immediately receives 
a sensation of coolness. If he lays his hand on the sand in the 
shade of the plant it feels cool and damp, and if he lays the other 
hand on the sun-heated sand he experiences a sensation of burning. 

Dr. Pierce made a series of temperature measurements on June 21, 
1919, in a period of less than 2 hours (from 10 to 12 “ daylight-saving 


Fic. 7.—The field hatchery, Madison, Fla. 


time,’ or 9 to 11 astronomical time) in which the air temperature 


about 2 feet above the ground was 88.5° to 89.5° F. 

The humidity by sling psychrometer was 68.5 to 69 per cent, by 
wet bulb 73.5. 

The temperature of the sandy soil in the sun was 106.5°, 111°, 111°, 
and 115° F. at different readings. Once in a while clouds shaded 
the earth. 

In the shade of the cotton plants the temperature of the sandy soil 
was 92.7°, 93°, and 94° F. at different readings; in other words, the 
shade of the cotton plant reduced the temperature 14°, but the air 
temperature was 4° or 5° cooler than the sand under the plant. 

Behind the involucre of the square on the plant the temperature 
was 88° F’., and next to the stem of the plant, 2 feet above the ground, 
it was the same. 

16073 ° —21——_3 
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When the thermometer was wrapped in cool, green leaves it regis- 
tered 89° F., but when inserted into a square and wrapped in green 
leaves it registered 81°. 

The thermometer covered one-fourth inch by hot sand in the sun 
registered 106.5° to 107.5° F.; under one-half inch of sand it regis- 
tered 99°, under 1 inch 95° , and under 1 inches of sand 91°. 

Thus i burial of infested squares would merely give the 
immature weevils more favorable temperatures and almost insure 
emergence: while the sun-heated surface soil, even on this moderate 
day. was heated very close to a fatal temperature. 


e secured to check 


Dr. Pierce then studied the temperature in the field breeding cages 
and found in the oviposition cage an air temperature of 85° F., a soil 
temperature in the sun of 108° to 108.5°, in the ute of the wire 
screen 90° to 94.5°, and in the shade of the plant 92° to 95°. The 
humidity in the cage was 71.5 per cent, wet bulb 85. while in the 
open air it was 68.5 per cent, wet bulb 85.5. There is therefore very 
little difference in the temperature in and out of the cage. 

The small wire-screen cages used to cover the squares during the 
last two days before emergence were then measured. In the shade of 
the plant the temperature was 94.5° to 96.5° F. and in the sun 103° to 
106°. The cage, therefore, serves to mitigate slightly the intense heat. 

In the insectary measurements were made in the breeding tumblers. 
A temperature of §3.5° F. was recorded for the soil in the tumblers, 
while above the soil the temperature was 86.5° F. Since the tumblers 
were only moistened once during the hatching period, a temperature 
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reading on the seventh day gave 84° on the soil and 87° above the 
soil in the tumblers. On the twelfth day the temperature was 84° on 
the soil and 86.5° above the soil. Thus, on this particular day, 
weevils developing in 
squares on the plant 
were experiencing 
88° F., or probably 
less, and those in the 
squares which had 
fallen on the ground 
were receiving from 
OD tonellioc he mac- 
cording to whether 
they were shaded or 
exposed to the sun, 
while weevils in the 
insectary were faring 
well at 83.5° to 87° F. 
It has been shown 
that the most  fa- 
vorable temperature 
for development is 
between 838° and 
84° F, 

In order completely 
to check up condi- 
tions maximum and 
minimum thermome- 
ters were installed 
in the field hatch- 


ery. Thus the maxi- fie. 9—Thermometers installed underneath the cotton 
mum and minimum plants in the field to secure soil temperature, Madi- 
son, Fla. 


temperatures experi- 
enced by the weevils after the falling of the infested square (fig. 9) 
were measured. 


EGG-LAYING ACTIVITY OF HIBERNATED FEMALE WEEVILS 
UNDER FIELD CONDITIONS. 


Table IX gives the data on the egg-laying activities of female 
weevils under field conditions on upland cotton squares. The females 
deposited an average of 76 eggs each at a rate of 8.4 eggs per day. 
The maximum number of eggs during any one day was 19. It is 
practically impossible to keep a continuous record of female weevils 
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under field conditions. Female weevils liberated in large cages over 
growing cotton plants frequently get killed accidentally, spiders 
sometimes catch them, and they escape very readily from the cages. 
The records presented in Table XI really indicate the rate of oviposi- 


tion per day instead of the average number of eggs deposited per 


female. 


TABLE IX.—E£gg-laying activity of individual hibernated female boll weevils 
kept with males under field conditions on upland cotton. 


Parent weevil. Beaten 
Date of | Date of 
of eggs 
| first egg. | last egg. depos- 
Generation. Nas sd 
| 
Hiibernaved 2-25 -e eee AX A | May 29] June 1 | 28 
ID Oss so 65 ose A 2 =-d0!s2>4|) dune) 213) 218 
ID eee Ree A 3 |-May 31 | June 5 | 33 
ID ORNs ae ee A 4 | June June 14 80 
DOSS eat aa RO eS COs June 8 | 65 
DY Ose tee eee A 7 | June 8} June 15 | 63 
1D eos Sat ge A ®& | June 9 | June 13 | 49 
Dos eeseee sees AQ | June 8} June 14 68 | 
| Do eas eee ate NSP LU) ERG ae oe June 19 70 | 
IDG ea ae ee eae A 13 | June 12 | June 21 88 
DOE ete eee IAC BAS Ee Osea June 23 97 
DOME eaten eee A 16} June 18 | June 22 54 | 
Bo) 2) [eee SB area 4 Ue ane oe 913 
ASV CTO rot ce ete | ede, | Eee [See e 76 
Bex TED TN es Se ee eee re eee eee | ge ete 218 | 
gM TaN 6 Uy a eWay Pes | BA ee ae) Sear a Se ee ee | 33 


LENGTH OF TIME UPLAND COTTON SQUARES HANG ON THE 
PLANTS AFTER EGG PUNCTURE. 


In Table X are found the data on the length of time squares hang 
on the plants after egg puncture by the weevil. 
ber of days from the time the egg is deposited until it drops off the 
plant is shown to be 11.5 days. 
square hung on the plant after egg puncture was 19 days and the 


minimum period 6 days. 


The length of time elapsing from the date of falling of the infested 
square from the cotton plant to the emergence of the adult weevil is 
shown to be 10.8 days. Practically one-half of the weevil’s immature 


stage is developed while the square is on the plant. 
number of days from falling of the infested square to the emergence 


#2) 
Aver- | Maxi- 
age mum 
number|num ber = 2 
of eggs | of eggs Source of weevils. 
per per 
| day. day. 
7 8 | Hibernated field collected. 
9.9 19 Do. 
5.5 7 Do. 
6.1 9 Do. 
9.3 18 Do. 
7.9 13 Do. 
9.8 13 Do. 
9.7 14 Do. 
58 11 Do. 
11 19 Do. 
= fee al 19 Do. 
10.8 18 Do. 
ee ASE 168 
aoe eae 
1 19 
ye | Bre es 
The average num- 
The maximum length of time any 
The minimum 
¢ 


of the adult weevil was 3 days and the maximum number 19 days. 
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TABLE X.—Showing development of weevil as related to the length of time 
squares hung on plants after egg puncture, eggs deposited by hibernated females 
on upland cotton. 


Aver- A ‘i Aver- 
Mini- | Maxi- age fini- | Maxi- age 
Total Ecole. mum | mum |number| Total pro mum } Mum |number 
number aes = number|jnumber| days |jnumber dans number|number| days 
Date oviposition | squares) inca dayson|dayson| from | squares pele days days from 
began. under Pt er | Plant | plant | punc- | under | -j);n¢ | from | from | falling 
obser- | Dunc. | after | after |tureto| obser-| “}, 8 | falling | falling) of 
vation. ee pune- | punc- | falling | vation. Gait (0 to square 
ture. | ture. of u™- | adult. | adult. | to 
square. adult. 
| } | | 
IVER YSZ OE Se ae re Se 29 315 7 TGS |b eS 12 | 122 7 12 10.1 
May 27). 5. eee 100 | 1,125 6 1ST ei) 2 NZ 185 7 15 10.8 
Maysoli anes: ese 3 24 269 8 16 11.2 9 | 82 d 11 9.1 
ADS 0(e) [eB eme  oeee e 33 400 6 17 12.1 141 | 108 3 13 9.8 
Done eras 24 307 10 | 1 PAZ 2 21 10 11 10.5 
JUNCSa sa See ees 23 265 7 17 | 10.6 Os 79 U 16 11.2 
PUIG Oe Se eee 12 148 6 | 1 |) IP4e: 2 22 10 12 11 
Dtme Sas eee en 42 482 7 | 19| 11:4 9 105 9 16 11.6 
IDO 51 514 7 He} |, OS 7/ 8 107 10 16 13.3 
SUTIC Qi Mee ke 28 289 6 UG ake 14 156 9 19 peel 
OEE See 36 410 6 UGse welled 7 83 10 | 15 11.8 
SUNG 18-2265 -2. 2 ae! 19 240 9) 19) esis: 6 4 39 9 | 1l 9.7 
| | 
Totaleres see 421 | 4,764 85 QOOM Seas et 102 | 1,109 98 GY | eS oe 
AW Crap Ona soma ate le keene 0 7.08 aCe ee Sia awe Set 13.9 10.8 
Maximum.........- Het ell et ede 10 19 13.6 17/5 Seen 10 19 13.3 
MuEnimum 2 esos 2 se | SS aboce kaeeeeee 6 13 10.3 | ZN eet Sepa 3 | 11 9.1 


FECUNDITY RECORDS OF HIBERNATED FEMALE BOLL WEEVILS 
ON UPLAND COTTON UNDER FIELD CONDITIONS. 


The data on the fecundity of hibernated female weevils under 
field conditions are presented in Table XI. Of the progeny produced 
by the individual female weevils 73 males required 1,536 weevil days, 
or an average period of 21.7 days, for development from egg to adult. 
A total of 52 female weevils required 1,145 weevil days, or an average 
period of 20.2 days, for development of the immature stage. The aver- 
age period of development for both sexes under actual field conditions 
was 21.7 days, with a maximum of 24 and a minimum of 19.5 days for 
the first-generation weevils. <A total of 17.99 per cent of the infested 
squares produced adult weevils. This percentage is remarkably low 
compared with the generally accepted behef that approximately 
35 per cent of the infested squares produced adults. At Madison 
the Norfolk sandy soil is so well drained that the developing weevils 
are exposed to terrific heat during the time the square is on the soil 
before the adult weevils emerge. Consequently a very large mor- 
tality occurs among the immature stages of the weevil. 
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TaBLeE XI.—Fecundity record of individual hibernated females of the boll weevil 
fertilized in spring under field conditions on upland cotton. 


Progeny produced by individual females. | 
| Per- 


Num- . centage 
ber eggs Males. Females. Bothsexes. punc- 
Date oviposition de- tured 
began. posited [ ie | Geode Sauares: 
nor- LT od 
De- | Tota] produc- 
mally.) Wi Wee ‘i | Wee- cal Total | Period |~ in 
J lWeevil Pate vils /Weeyil velop-| wee es) TSE Re. e 


Ss | days. |mental erate days. oan bred. | days. _ sexes. 


period. 
Days. Days. | | Days 
Ma y20* 2822 SF 28 10} 188) 20.8 6| 124} 20.6 16 | *3I2)| 219-5 10" saat 
Dose eee 218 15 2001 1-2 Tie $48) OT 22. | 5| 20.2] 10.08 
Mayle oS 33 7| 137| 19.6 3 60 20 1@} 197] 19.7} 30.3 
Fel Coeret Was 80 4 93 | 23.2 7| 166| 23.3 11 | 259) 225) a5e7 
Dot sce aes 65 2 43 | 21.5 0 0}; oO 2 43]} 21.5} 13.07 
cpr iit eae 63 6| 132) 22 4} 92] 23 10| 224| 224] 158 
June @ te 22S ae: 1 49 1 22| 2 1 233 | 23 2 45| 22.5 4.08 
TunOS Ls eee ee 68 7 | -170)| 224-2 3 70| 23.3 10) 240,10 4 14.7 
Fah c Seed tae 70 6] 125| 20.8 Ti 52 207 13]. 277 |) 2es eis 
Tien 7 See 88 5| 120) 24 3 67 | 22.3 8 | AST Ves ee 
ae Cee ae 97 5| 104] 20.8 Z| 4352) 227 12} 256| 21.3} 13.6 
Juniors = La 54 5/-105| 21 4 91 | 22.7 9/ 196] 21.7 13.6 
Wi 21 eae eee 913 75 al ee aes 523 s0 145 eee 125; | 2681 ||. eae Se 
AVOTASC of. ieee 1G508) [22 eae FAY (2) mee ol ee 475,| RRCaSSe| oe See 21.7 17.99 
AXIMUM: 5-22 218 | ee 22 (4) eee 23.3 Tf es aes | 24 57.1 
Mimimnum.-_—_~ 2-2 28 ig see SSG Oe FAY es va |} 19.5 | 4.08 


SUMMARY OF THE DEVELOPMENTAL PERIOD OF THE FIRST- 
GENERATION BOLL WEEVILS IN UPLAND COTTON SQUARES 
UNDER FIELD CONDITIONS. 


Table XII gives a summary of the period of development in up- 
land cotton squares of first-generation weevils under field condi- 
tions, together with the temperature and humidity records. The 
average period of development in the infested squares while the 
squares remained on the growing cotton plants is shown to be 10.9 
days. During the time the infested squares were on the ground or 
after they had dropped off the plant the average period of develop- 
ment is shown to be 11.4 days. The average maximum soil tem- 
perature was 103.7° F. Since it has been demonstrated that the 
boll weevil develops most rapidly under a mean temperature of 84° 
F., the higher temperatures experienced while the square is on the 
soil retard the developing process and prolong the developmental 
period of the weevil. Also high soil temperatures are directly re- 
sponsible for the death of large numbers of immature weevils. At 
Madison it was observed that a very high percentage of teneral 
weevils was killed by the heat before the weevils.could make an 
emergence hole in the square. 
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TaBLeE XII.—Summary of development of first generation boll TEBE AS under 
field conditions on upland cotton. 


Date of oviposi- 
tion. 


May 29-Junel...- 
May 29-June 21. . 
May 29-June5. - - 
Junel-Junel4... 
June2-June 8s... 
June 8-Junel5.. 
June9to Junels. 
June6-Junel4... 
June8-Junel9_.. 
Junel2-June21.. 
June12-June23.. 
Junel1s—June 22... 


Toth. 2. 


Weighted aver- 
age. 


Date squares 
dropped off. 


Date hatched. 


| 
Totalnum- | 


ber weevils 
bred. 


June 6 June 25. 
June7-July 8. -- 


June 9-June 16. 


Junell—June 24 
Junell—June23 
June 16—-June30 
June1s—June23 


Junel7—July 1.. 


Junelé—June 30 
Junels—July 4. . 

June19-July 8. - 
June30-July 8.. 


June17—June 25. 


June 12-July 10. 


June 20-June 25. 
June 20-July 5.. 
June22-June25. 
June 30-July 5.. 


July 2-July 5. - 
July 3-July 9- - 
July 1-July 5-- 


July 5-July 10. - 


July 2 July Hae 
July 11-July 13- 


8 6 | 
15 7 
‘2 3 | 
8 3 | 
2 0 | 
5 4 | 
1 3 | 
7 3 
Sa Ga 
6 ae 
5 7 | 
4 5 
73 52 | 


Average period of | Aver- 
development. | Mean| Mean) 28°. 
C * | maxl- 
air | soil 
hue | tem-| MUD 
| mid- |pera- ie E 
-| On On | To- | ity. |ture pend 
ee ground.} tal. Bee 
Days.| Days. |Days.| 
| 11.6 WEI) DAG IGS eby Rae) Tan oe 
11.2 10.8 | 22 72.2 | 82.3 | 101.6 
10.8 9.4 | 21.2 |65.2 | 85.5 | 109.7 
11.2 12.7 | 238.5 76.3 | 81 | 101.6 
11 10.5 | 21.5 |62.5 | 85.5 | 109.7 
10.1 12.2} 22.3 |76.3 | 81 | 101.6 
11.5 11.0 | 22.5 |76.3 | 81 | 101.6 
10. 3 13.7 | 24 75.96 | 81.4 | 101.3 
10.4 13.3 | 23.7 76.3. | SL 101.6 
9.3 12 21.3 |77.2. | 82.3 | 101.6 
12 11.8 | 23.8 |79.2 | 82.8 | 101.2 
12.5 9.4 | 21.9 |79.2 | 82.8 | 101.2 
| 
10.9 11.4 | 22.4 73. 51 | 82.6 | 103.7 


DEVELOPMENTAL PERIOD OF FIRST GENERATION BOLL 
WEEVILS ON SHORT STAPLE UPLAND, SEA-ISLAND, AND 
LONG-STAPLE UPLAND COTTONS UNDER FIELD CONDITIONS. 


In addition to the series of hibernated female weevils under obser- 
vation a series of first generation weevils was used to determine the 
difference in the length of the developmental period under field con- 
ditions on upland, sea-island, and long-staple cottons. 

The first generation female weevils deposited eggs at an average 
rate of 7.6 eggs per day on sea-island cotton. The maximum number 
of eggs deposited during any one day in sea-island cotton squares 


was 29. 


The 10 female weevils under ahcecuabion on long-staple cotton 


squares deposited eggs at an average rate of 6.3 eggs per day. 


The 


greatest number of eggs deposited during one day in long-staple 
squares was 21 eggs. 

On upland cotton the 10 female weevils deposited eggs at an aver- 
age rate of 6.2 eggs per day, with a maximum of 23 eggs deposited 
by a single Sonnet during one day. 

On upland cotton the infested squares remained on the plants for 
A period of 11.4 days was the 


an average period of 10.9 days. 
average time required to complete the development of the immature 
stages after infested squares dropped off the plant. 


The average number of days elapsing from the date of eg 
ture to the falling of the infested squares 
The average number of days required to complete the de- 


cotton. 


was 10.7 


g@ punc- 


on sea-island 
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velopment of the immature weevil after the sea-island squares drop- 
ped off the plant was 10.4. 

The infested squares on the long-staple cotton required 12.3 days 
from the date of the egg puncture to the falling of the infested 
square. The time required for the immature weevil stages to com- 
plete their development after the long-staple squares dropped off the 
cotton plants averaged 10.5 days. One of the objections to the long- 
staple varieties of cotton is the tendency of the infested squares to 
hang on the plants, protecting the immature weevil stages to a cer- 
tain extent from natural enemies and mechanical injury. 

A total of 92 male weevils of the first generation bred in sea-island 
cotton squares required 2,006 weevil days or an average period of 


Fie. 10.—Shallow wooden troughs filled with crude oil to keep ants out of the weevil 
hatchery,- Madison, Fla. 


21.8 days for development of the immature stage. The 75 female 
weevils bred from the same source required a total of 1,651 weevil 
days or an average period of 22 days for development from egg to 
adult. An average period of 21.9 days was required for the develop- 
ment of both sexes of the first-generation weevils in sea-island cotton 
squares. 

The 35 male weevils bred from long-staple cotton squares required 
a total of 726 weevil days or an average period of 20.7 days from 
ege to adult. A total of 549 weevil days was required for the devel- 
opment of the 26 female weevils from long-staple cotton squares, or an 
average of 21.8 days. The developmental period in long-staple cotton 
squares for both sexes from egg to adult averaged 20.9 days. 

A total of 61 male weevils of the first generation bred in upland 
cotton squares under field conditions required 1,344 weevil days, or 
an average period of development of 22 days. The 33 female weevils 
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of the same series required 718 weevil days, or an average develop- 
mental period from egg to adult of 21.8 days. The dévelopmental 
period for both sexes under field conditions averaged 21.1 days from 
egg to adult. 

The total percentage of the infested squares producing adult 
weevils could not be determined, as a considerable number of the 
infested squares under observation were detroyed by ants, Sole- 
nopsis sp. (fig. 10). 

COMPARISON OF THE DEVELOPMENTAL PERIOD OF THE IMMA- 


TURE STAGES OF THE BOLL WEEVIL UNDER FIELD AND IN- 
SECTARY CONDITIONS. 


The results of the breeding experiments under outdoor insectary 
conditions, conducted primarily to check the field breeding records, 
are tabulated and summarized in Table XIII. The average develop- 
mental period under insectary conditions for the hibernated and 
first-generation weevils in upland cotton squares was 14.5 days. 
The developmental period of the progeny produced by first genera- 
tion weevils in long-staple upland and sea-island cottons was 14.2 
and 13.7 days, respectively. There is little if any difference in the 
length of the developmental period of the weevils bred in the 
three types of cotton squares under insectary conditions. A total 
of 1,148 weevils which required 16,568 weevil days or an average 
period of 14.3 days for development under insectary conditions is 
recorded for the three types of cotton. 

The developmental period of the immature stage of the boll weevil 
under normal fieid conditions on short-staple upland, long-staple 
upland, and sea-island cottons is presented in Table XIV. The male 
weevils bred in upland cotton squares required 21.7 days for develop- 
ment from egg to adult and the females of the same series required 
a slightly longer period—22.33 days. A total of 323 weevils bred 
in upland cotton squares under normal field conditions required an 
average period of 21.9 days for development from the time the egg 
was deposited to emergence of the adult weevil. 

In sea-island cotton squares 92 male weevils required 2,006 weevil 
days, or an average period of 21.8 days, for development from egg 
to adult. The 75 female weevils bred from the same source required 
1,651 weevil days or an average period of development of 22 days. 
Both sexes required an average developmental period of 21.9 days 
from egg to adult. 

On long-staple upland cotton 35 male weevils bred in squares 
under field conditions required 726 weevil days or an average period 
of 20.7 days for development of the immature stages. The 26 female 
weevils required 549 weevil days or an average period of 21.8 days 
for development. Both sexes bred in long-staple upland cotton 
squares required an average period of development of 20.9 days from 
egg to adult. 
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The 551 weevils bred under field conditions from squares of all 
three types of cotton required a total of 12,012 weevil days or an 
average period of development of 21.8 days from egg to adult. 

The average developmental period of the weevil in all three types 
of cotton squares under insectary conditions is shown in Table XIII 
to be 14.3 days from ege to adult. The average developmental 
period under normal field conditions for weevils bred from all three 
types of squares is shown to be 21.8 days. Under actual field condi- 
tions it is safe to say the boll weevil requires a period of 7.5 days 
additional time for development, or fully one-half more time than is 
required under insectary conditions at Madison, Fla. 


TABLE XIJI.—Table showing the developmental period of the boll weevil under 
insectary conditions, 1919. 


Sole |S Se | eicsie |e 
Sb OS H ln Slo mR |S5/ 0 ay 
Period of ovi: |95| 2] & |°S|Fa| & |en| ee] & 
Nature of weevils. lbp NO~l) See Se | Piak o isa Se) 6 | sf Pl o 
position. 5 S| &m |1Poli PS] w» | as S| eH 
POPS be iacias |S Ieeiac [s 
SCS eis PE Nae) es) 2 
Z | 412 j= |< je |e a 
Days Days Days 
Mibernateds-2 22-5... -- Upland cot- | June 5-July 25 | 247| 3,692) 14.9) 123/1,816| 14.7] 370} 5,508) 14.8 
ton squares. 
Hirstigenerations=s-e-selsasce ese eee ee July 5-Aug. 19 | 189} 2, 765) 14.6) 117/1, 762) 14.3] 306) 4, 438] 14.5 
MOVER bt OEE OTCG I i aE ee Saas 436] 6,457) 14.8) 240/3, 578) 14.5} 676] 9,946) 14.7 
cotton. 
Long-staple cotton: 
First generation...| Long-staple | July 9-Aug. 2 210] 2, 953/14.06| 154/2,187| 14.2} 364] 5,140) 14.1 
squares. 
Sea-island cotton. 
First generation...| Sea-island | July 5-Aug. 9 67} 917) 13.6) 41} 565) 13.7) 108) 1,482) 13.7 
squares. 
Notaliallcottonks eeeeeacesere cel oeecocmeneer eens 713/10, 327/14. 15} 435)6, 330} 14. 1/1, 148/16, 568) 14.3 


TABLE XIV.— Showing the total developmental period of the boll weevil under 
field conditions. 


Males. Females. Both sexes. 
a 2 . 1 I . fw Fat co} 
f : pes Sy 8 eal 3 3 > Sy 
Nature of weevils. | Larvalfood.| Petiodofovi ),S| RE) & jsSio | 8 |e | 3 iss 
position. Sia hs Sed lo Sy) a Bd/ ed aie 
og| ae | 8 |Szlee|e| £/ e/e2 
Heles| § esis~| & |e |S" lss 
SUES ay eis fe use 
Z a <4 |4 | < 18 a <q 
Upland cotton: Days Days Days 
Hibernated....... Cottonsq...| May 29-June 13. 73) 1, 536] 20.9} 52/1, 145)22.91) 125) 2,681) 20.8 
ID) Q)pAe ae ae downs June 7-June 22. 23) 477) 20.7) 27| 607/22.5 50} 1, 084) 21.6 
First generation..|....- do.....-| July 3-Aug. 2..| 61] 1,344] 22 33] 718/21. 8 94! 2, 062) 21.9 
Second generation.|....- do...-..| July 31-Aug. 22.| 23] 539) 23.4) 31] 714/23.03} 54) 1, 253) 23.2 
Totaltmupland, | Reee esses oes eee ae eeeoee cee 180} 3, 896] 21.7) 143)3, 184/22.33) 323] 7,080) 21.9 
cotton. 
Sea-island cotton: | 
First generation..| Cotton sq...| June 26-Aug. 4.| 92! 2,006) 21.8) 75/1, 651/22 167| 3,657) 21.9 
Long-staple cotton: 
First generation..|....- doles June 30-July 30.| 35] 726) 20.7) 26) 549/21.8 61) 1,275} 20.9 
Motalallithreeslsecs: Aa ae ece eet eee ce 307| 6,628) 21.4) 244'5,384/22.06 551/12, 012, 21.8 
types ofcotton. 
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DEVELOPMENTAL PERIOD OF THE BOLL WEEVIL IN GREEN 
COTTON BOLLS. 


Owing to the fact that large numbers of adult weevils in the field 
at the time the bolls are set deposit eggs in the bolls almost as readily 
as they do in the squares, it is almost impossible to secure noninfested 
bolls for breeding purposes. Therefore the following method for 
securing the developmental period of the weevil in cotton bolls for 
upland, long-staple, and sea-island cotton was followed. 

Large, healthy, grown bolls were examined for egg punctures. The 
number of egg punctures was recorded on a light string tag, together 


Fig. 11.—Green cotton bolls bagged in muslin to secure records on the immature stages 
of the weeyil, Madison, Fla. 


with the date of examination. The boll was inclosed in a thin muslin 
bag to prevent further infestation and allowed to remain on the plant 
under normal field conditions until the adult weevil emerged. All 
weevils that emerged were counted and the sex determined. 

During the month of August 200 weevil-infested bolls were bagged 
(fig. 11) on each of the three types of cotton. Daily examinations 
were made of the bagged bolls after a period of 10 days had elapsed. 

The upland cotton bolls produced 7 male weevils that required 233 
weevil days for development, or an average period of 33.2 days. The 
6 female weevils bred from upland cotton bolls required a total of 
207 weevil days, or an average period of 34.5 days from egg to adult. 

The 200 long-staple or thick-rind cotton bolls produced 8 male 
weevils that required 250 weevil days from egg to adult, or an average 
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period of 31.2 days. <A total of 298 weevil days was required by the 
10 female weevils bred from long-staple cotton bolls, or an average 
period of 29.8 days from egg to adult. The sea-island cotton bolls 
produced 30 male weevils that required 953 weevil days from egg to 
adult, or an average developmental period of 31.7 days. A total of 
18 female weevils bred required 623 weevil days, or an average period 
of 34.6 days for development from egg to adult. (Fig. 12.) 

Since the bolls had probably 
been punctured from 5 to 7 days 
before they were bagged. it is evi- 
dent that the developmental 
period of the boll weevil in green 
cotton bolls is approximately 35 
to 40 days under the most favor- 
able summer temperatures and 
longer during the fall months. 
Howe® states that the develop- 
mental period of the boll weevil 
in green upland cotton bolls at 
= Tallulah, La., under insectary 

|... conditions, was 16.2 days. At 
he Madison, Fla., the Ree 
period of the boll weevil in green 
Fie. 12.Four cavities in which four Cotton bolls under actual field 


boll weevils were reared in a sea~ conditions more than doubles 
island cotton boll, Madison, Fia = 
Howe’s record. 


FECUNDITY OF THE BOLL WEEVIL IN UPLAND AND SEA-ISLAND 
COTTON BOLLS. 


Throughout the season of 1918 attempts were made to secure rec- 
ords of the fecundity of the weevil in green cotton bolls. More than 
200 pairs of weevils were under observation at different times during 
the season. In no case were clear and concise records secured for 
individual weevils. For some peculiar reason the females did not 
oviposit freely in the green cotton bolls under insectary conditions. 


PREFERENCE SHOWN BY FEMALE WEEVILS FOR OVIPOSITION IN SEA-ISLAND AND 
UPLAND COTTON FRUIT. 


An experiment to determine the preference by the boll weevil for 
deposition was made by confining six female weevils over upland 
and sea-island cotton fruit. The female weevils were confined in a 
large battery jar on moist sand. Fresh squares and bolls of both 
sea-island and upland cottons were placed in the jar each morning 


exic2an Cotton Boll Weevil in the Mississippi Valley, 
916. 
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= 
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FIG. I.—SHOWING POSITION OF EGG FIG. 2.—SHOWING POSITION OF EGG 
PUNCTURES ON SEA-ISLAND COTTON. PUNCTURES ON UPLAND COTTON. 


Fic. 3.—THE DIFFERENCE IN STRUCTURE BETWEEN SEA=ISLAND COTTON BOLLS 
(ABOVE) AND UPLAND COTTON BOLLS (BELOW). 


THE BOLL WEEVIL ON SEA-ISLAND AND UPLAND COTTONS. 
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and all fruit in which eggs had been deposited was recorded and 
removed from the jar. The records of the experiment are presented 
in Table XV. A total of 49 eggs were deposited in upland squares 
compared with 17 eggs deposited in sea-island cotton squares. Eggs 
were deposited in six sea-island bolls, but in none of the upland 
cotton bolls. 


TABLE XV.—Preference shown by females of the boll weevil in locations for ovi- 
position on sea-island and upland cotton, Madison, Fla., 1918. 


Eggs in— 
Date. 
Upland| 8, | upland} , 5° 
19 island island 
squares. | quares.| Pols. | polls, 
lbp sbacoacee 0 0 0 3 
JullyalSeees octoee 0 0 0 1 
Tulyel 9S ae eee 5 0 0 2 
ilk; DOs saseea, 3 0 0 0 
Dliya2 ee 9 4 0 0 
ditil\, Pe coca sooss 3 2 0 0 
UN? PB}. cadaacase 6 3 0 0 
Tulygo see oan 2 2 0 0 
dhwihy isc ceceooue 4 3 0 0 
Tul yp 265 eee 5 0 0 0 
Uiuliya2 es ee 3 1 0 0 
Uily729 eee eee. 4 2 0 0 
Duly Bier asso 5 0 0 0 
| 
Total 49 17 0 6 


COMPARISON OF THE NUMBER OF BOLL WEEVILS THAT EMERGE FROM UPLAND 
AND SEA-ISLAND SQUARES AND BOLLS. 

The writer placed 4,000 upland squares in a large wire-screen cage 
on August 26, 1918. The squares were carefully examined to deter- 
mine whether each square was punctured and large enough to sup- 
port the developing weevil larva. Similarly, 4,000 sea-island squares 
were put up on the same date. 

From the 4,000 upland squares 1,476 adult weevils emerged soon 
after the squares were placed in the large cage, or a percentage of 
36.9. From the sea-island squares 1,979 weevils, or a percentage 
of 49.4, emerged. 

One thousand five hundred upland and 1,500 sea-island bolls were 
placed in a large wire-screen cage on September 1, 1918, to determine 
- whether more weevils would hatch from sea-island than from upland 
bolls. It is shown in Plate I that there is a decided difference in 
structure between the two types of bolls, the sea-island being oblong, 
with a soft and oily texture. One hundred weevils hatched from the 
upland bolls compared to 650 weevils from the sea-island-cotton bolls. 

From the records secured at Madison, Fla., during 1918, it ap- 
peared that the majority of egg punctures in sea-island bolls pro- 
duced adult boll weevils. It not infrequently happened that as many 
as from four to eight weevil larvee would complete their life cycle 
in a single boll. 
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THE RELATION OF TEMPERATURE TO THE BIOLOGY OF THE 
BOLL WEEVIL. 


The relationship of temperature to the biology of the weevil has 
been thoroughly studied for the adult weevil. Little information is 
available, however, showing the effect of temperature on the imma- 
ture stages of the weevil. For years the Bureau of Entomology has 
made so-called status examinations in different parts of the weevil- 
infested area of the cotton belt to determine the percentage of mor- 
tality caused by the heat and dry weather in the immature stages 
of the weevil. From an examination of 91,082 immature weevil 
stages Hunter and’ Pierce’? found 23.8 per cent killed by heat and 
dryness. This examination extended over the different months of the 
growing season from May to October. The relatively small per- 
centage of mortality among the immature weevil stages recorded in 
this examination is misleading, because the life of the immature 
weevils was not followed through until the weevil became adult. 
From the writer’s observations at Madison, Fla., the critical period 
of the immature weevil caused by intense heat seems to extend to 
the teneral adult stage. Hundreds of teneral adult weevils were 
observed in squares in the field hatchery that were killed by the 
heat before they could make an emergence hole in the square. There- 
fore an examination made to determine the percentage of mortality 
caused by heat and dryness on any given date is misleading for the 
simple reason that, although the percentage of immature stages 
dead may not run very high at the time of examination, yet if it 
were possible to follow these stages through to emergence of the adult 
weevil the figures might be trebled. As a concrete illustration, 
on June 25, 1919, Dr. Pierce examined 451 weevil stages in fallen 
brown squares taken from plants on which tagged squares were 
hanging or had fallen. Of the 451 stages examined 134, or a per- 
centage of 38.95, had been killed from climatic causes. At the time 
this examination was made the writer had 1,378 fallen punctured 
squares that were tagged on the day of egg-puncture under observa- 
tion for breeding records. Dr. Pierce’s examination indicated that 
38.95 per cent of the 1,378 fallen punctured squares would not hatch 
weevils, since the punctured squares used in his examination were 
taken from underneath the plants where tagged squares belonging 
to the writer were lying. However, of the 1,378 squares that were 
tagged, only 134, or 9.7 per cent, produced adult weevils. It is evident 
that a field examination is misleading in so far as the percentage of 
control of the immature weevil stages by heat and dryness is con- 
cerned unless these stages can be followed through to the emergence 
of the adult weevil. 


10 Hunter, W. D., and Pierce, W. D., op. cit. 
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TEMPERATURES FATAL TO THE IMMATURE STAGES OF THE BOLL WEEVIL 


Owing to the lack of proper soil thermometers, it was impossible 
to determine accurately the fatal temperatures for the immature 
stages of the weevil. The thermometers in use frequently recorded 
maximums of 115 to 125° I°., and under these maximum soil tem- 
peratures it seems safe to assume that not more than 10 per cent of 
the immature weevils will survive on Norfolk sandy soils such as 
occur at Madison, Fla. 


THE EFFECT OF TEMPERATURE ON THE LENGTH OF THE DEVELOPMENTAL 
PERIOD OF THE IMMATURE STAGES OF THE BOLL WEEVIL. 


Mean temperature and humidity either shorten or prolong the de- 
velopmental period of the immature weevil. The exact amount of 
humidity required for development under optimum conditions has 
never been determined. A mean temperature of 84° F. has been de- 
termined as the optimum temperature for,development of the im- 
mature weevil stages. Were it possible for the immature weevil to 
have the exact amount of humidity and a mean temperature of 84°. 
the developmental period of the immature stages would be approxi- 
mately 8 days. Temperature and humidity, however, are never just 
in the right proportion and so the period of development varies under 
different conditions. 


THE EFFECT OF TEMPERATURE ON THE LENGTH OF THE DEVELOPMENTAL 
PERIOD UNDER INSECTARY CONDITIONS. 


Under insectary conditions the development of the weevil has been 
shown to be approximately 14.3 days from egg to adult. This period 
of development is much shorter than the period under field condi- 
tions owing to the smaller variation in extremes of temperature. 
The mean temperature at Madison, Fla., under insectary conditions 
during the months of June, July, and August approximates 81° F. 
according to the United States Weather Bureau records. The aver- 
age mean temperature is lower by 3° than is required for the optimum 
developmental conditions. Therefore it is to be expected that the 
developmental period would be approximately 14 days under in- 
sectary conditions. 


THE EFFECT OF TEMPERATURE ON THE DEVELOPMENT OF THE IMMATURE 
STAGES OF THE WEEVIL UNDER FIELD CONDITIONS. 


Under field conditions the development of the immature weevil is 
considerably retarded and prolonged. It has been shown that the 
infested squares remain on the plants for approximately 11 days 
after egg puncture. For fully 8 days after egg puncture the sap 
continues to flow to the injured squares and keeps the temperature 
lower than is required for proper weevil development. At night the 
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transpiration of the plant further lowers the temperature surround- 
ing the developing weevil, and for 12 of the 24 hours of the day the 
minimum temperatures below 84° F’.. are retarding and prolonging the 
developmental period. After the infested square drops off the plant 
it is exposed to the high soil temperatures which range well above 
100° F. from 10 a.m. to 5 p.m. The immature weevil is again re- 
tarded and all temperatures above 84° IF. as well as below 84° F. 
act as retarding factors. 


THE DEVELOPMENTAL PERIOD OF THE BOLL WEEVIL ON DIF- 
FERENT TYPES OF SOIL. 


Although the field biology of the boll weevil has not been studied 
for the different types of soil, the results secured at Madison, Fla., 
indicate certain generalizations which will probably hold good for 
the majority of cases. 

In addition to heat and dryness soil drainage must be considered. 
Poorly drained soils such as are found in the Mississippi Delta and 
the swamps and river bottoms will probably show an average period 
of development from egg to adult to be a few days shorter than it 
would be were these soils well drained. On the other hand sandy, well- 
drained soils, such as the Gulf Coastal Plains, the oak, hickory, and 
pine uplands, and the rocky hillside types, will probably show a longer 
period of development than any other generalized type of soil. The 
semiarid region of Texas should show the longest period of weevil 
development under field conditions. The range in the develop- 
mental period at Madison, Fla., was from 16 to 38 days for weevils 
developing in squares and it appears probable that the maximum 
period would be much greater in the dry regions of Texas. 


THE EFFECT OF THE DETERMINATE GROWTH OF THE COTTON 
PLANT ON THE BIOLOGY OF THE BOLL WEEVIL. 


Perhaps no single factor contributes so much to the control of the 
weevil as the determinate growth of the cotton plant. On the Gulf 
Coastal Plains type of soil at Madison, Fla., the upland cotton 
usually sets its crop by the 20th of July and the cotton is practically 
all open by the 20th of August. In addition, the cotton plants are 
usually attacked by several species of rusts and wilts, which result 
in the plant becoming decadent, shedding off the leaves, squares, and 
immature bolls. This leaves the weevil with few breeding places. 
At this particular time also the weevils are so numerous in the cotton 
fields that the few squares growing on the plants are subjected to an 
overwhelming attack for both food and breeding purposes, which 
results disastrously to the fall generations of the boll weevil. The 
adult weevils in the field rapidly die off, and as few weevils are 
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hatching out the number that live to enter hibernation is greatly 
decreased. The cessation of squaring naturally forces a considerable 
number of weevils to attack bolls which otherwise might escape. 
Whether the loss resulting from this attack is offset by an advantage 
to the crop of the next season on account of the presence of fewer 
hibernated weevils has not been fully determined. 


THE MAXIMUM NUMBER OF GENERATIONS OF THE BOLL WEEVIL UNDER 
FIELD CONDITIONS. 


The number of generations of the boll weevil under field conditions 
varies with the different seasons and on the different types of soil. 
A very dry and hot season may affect either generation to such an 
extent that the eggs deposited during the first half of the generation 
may not produce weevils at all, and consequently the generation is 
much prolonged. The following table shows the maximum number 
of generations at Madison, Fla., under field conditions: 


TABLE XVI.—MVarimum number of generations of the boll weevil bred in cotton 
squares, Madison, Fla. 


| Period Period 


from from 
Generation. Date. neato Generation. Date. feel 
matur- matur- 
ity. ity 
First generation: Days. Fourth generation: Days. 
Eggs deposited.....-..---.-- June ssle eee Bese pOstLed se see eee ANI SE DARA et 
Generation mature........-. JUIN 22 |\oacssceuc Generation mature.........-- Sept. 16 30 
Second generation: Fifth generation: 
Eggs deposited....-------.- Iiwine SW |icsaccedee Hest 6 pOsitedsasea-=—ee eee SEIN 2S} lenococae 
Generation mature........-.| July 20 29 Generation mature.........-- Oct. 16 32 
Third generation: : Sixth generation: 
Eggs deposited.._.---.------ Jith ya 2Su | eee Hgesidenositeds ss - eee OCS TOA eases 
Generation mature......---. Aug. 17 29 Generation mature.......-..- Noy. 17 33 


The average date of killing frost at Madison, Fla., according to the 10-year average of the United States 
Nicaaher Bureau, is November 29, therefore only six generations of weevils could develop under field con- 
itions. 


HIBERNATION OF THE BOLL WEEVIL IN FLORIDA. 


During the winter of 1918-19 three series of hibernation experi- 
ments were conducted to determine the percentage of weevils sur- 
viving the winter at Madison, Fla. The experiments were arranged 
to secure data on the number of weevils surviving the winter in the 
open fields and along ditch banks, in the woods on the ground among 
the leaves and other rubbish, and in the moss covered trees in the 
woods (figs. 18, 14, 15). 

Large wire screen cages 3 by 3 feet by 4 feet high were used for 
the hibernation experiments. The cages in the fields and on the 
ground in the woods were filled with an equal amount of moss, leaves, 
and cornstalks to represent approximately the material the weevils 
would hibernate in under normal conditions. The cages installed 
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IG. 13.—Hibernation cages on the ground in the woods, Madison, Fla. 


Gi 


a 
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in the trees were supplied with moss only and averaged 10 feet above 
the surface of the ground (fig. 15). 

The boll weevils were collected from near-by cotton fields and in- 
stalled in the cages every two weeks, beginning on October 1, the last 
cages being installed on December 1. 


TIME OF ENTRANCE INTO HIBERNATION. 


The time of entrance into hibernation by the boll weevil at Madi- 
son, Fla., usually begins about the time of the first killing frost. 
The average date of this event is November 29. During the fall of 


Fic. 14.—Hibernation cages in the open field at Madison, Fla. 


1918, however, the warm weather held on until about December 8. 
On November 13 the temperature dropped to 37° F., but the 20 days 
following this drop were extremely warm and all weevils seemed 
active until the drop in temperature on December 8. The weevils 
were in hibernation almost continuously until February 20, the date 
on which the emergence records were started. The mean tempera- 
ture for November was 59.1° F’. and 56.4° F. for December. When 
it is considered that hibernation begins between mean temperatures 
of 56 and 60° F. it is seen that the hibernation of the weevil in 
Florida during November and December is more of a drowsy con- 
dition than one of inactivity. The mean temperature for January, 
1919, was 46.6° F. and for February 61.9° F. Therefore the weevil 
really entered hibernation late in December and remained in this 
condition for the month of January. 


36 


BULLETIN 926, U. S. DEPARTMENT OF AGRICULTURE. 


Fic. 15.—Hibernation cages 10 feet above ground in the trees at Madison, Fla. 
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ACTIVITY DURING THE HIBERNATION PERIOD. 


In northern Florida the boll weevil, during the period of hiberna- 
tion, is seldom inactive for a period of time longer than a month. As 
was pointed out, the only months in which the average mean tem- 
perature is below 56° F. are December and January, and even then 
it not mfrequently happens that warm days occur such as would 
force the weevil to activity. Thus it might be said that the hiberna- 
tion of the boll weevil in northern Florida is incomplete. 


TIME OF EMERGENCE FROM HIBERNATION. 


Owing to the incomplete hibernation of the boll weevil in northern 
Florida the time of emergence must necessarily be a variable date. 
February 20 has been selected as the date emergence started in the 
experimental work at Madison. However, six weevils emerged on 
the 10th of February and four on the 16th. After February 20 little 
cold weather is experienced at Madison, and this date may be safely 
assumed to represent approximately the date when emergence begins 
for weevils sheltered in places exposed to the direct rays.of sunlight. 


RATE OF EMERGENCE OF HIBERNATED WEEVILS IN FLORIDA. 


The emergence period in Florida extended over the period from 
February 20 to July 7. The rate of emergence was decidedly more 
gradual than might be expected when the relatively high tempera- 
tures prevailing during March, April, and May are considered. 
The accompanying diagram (fig. 16) shows the daily rate of emer- 
gence of the weevil when hibernating in the open fields, on the 
ground in the woods, and in the moss on the trees 10 feet above 
ground. The diagram also shows three prominent periods of emer- 
gence, or rather accelerations in the rate of emergence—viz, March 
3, April 4, and May 5, 6, and 7. On these dates the rainfall varied 
from 0.1 of an inch on March 3 to 1.75 inches on May 7. The extreme 
emergence recorded for May 6, 7, and 8 was also probably influenced 
by excessive temperatures. In the accompanying chart (fig. 17) the 
total percentage of rainfall compared to the total percentage of 
weevils emerged at different dates also indicates that excessive tem- 
perature was operating along with the rainfall after the 6th of May. 

One of the interesting facts concerning the daily emergence of the 
weevil when hibernating under the three different conditions is that 
the emergence from the cages containing moss as hibernation quar- 
ters was much later than the emergence from the other two sets of 
cages. Spanish moss has been proven to be difficult to warm up 
sufficiently to force the weevils out of winter quarters before late in 
the season and the results at Madison, Fla., corroborate this fact in 
every way. 
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16.—Showing the daily rate of emergence of the boll weevil when hibernating in 
open field, on the ground in the woods, and in the moss-covered trees, Madison, 


Fla. 
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Fig. 17.—Showing the total percentage of rainfall compared with the total percentage 
of emergence of the boll weevil, Madison, Fla. 
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Fig. 18.—TIllustrating the rate of emergence from hibernation of the boll weevil in 
Texas, Louisiana, and Florida. 
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The rate of emergence in Florida as compared to the rates of 
emergence in Louisiana and Texas is illustrated in the accompanying 
diagram (fig. 18). Twenty-five per cent of the boll weevils emerge 
in Florida a few days before the same percentage emerges in Texas 
and at least 20 days earher than in Louisiana. The rate of emergence 
in Texas shows that 50 per cent of the weevils are out of hibernation 
approximately 20 days before 50 per cent are out in Florida. After 
50 per cent of the weevils emerge the figure shows that the rate of 
emergence in Florida closely approximates the rate of emergence 
in Louisiana. This is to be exyected since the hibernation shelter in 
Louisiana and Florida is decidedly more dense than the hibernation 
shelter found in Texas. Table XVII presents the records showing 
the percentage of total emergence of the boll weevil at different dates 
and places where hibernation experiments have been conducted. 


TABLE XVII.—Percentage of total emergence of boll weevils at different dates 
and at different places. 


Retna Tallulah, La. Mansura, La. Dallas, Tex. Calvert, | Victoria, | Madison, 
Date. That 1908 ee ee Tex., Tex., la, 
ieee Aas = 1907 1907 1919 
1910. 1911. 1910. 1909. 1907. 1908. 2 | ‘ | . 
Hebe2iae a= 0.00 0.31 36. 95 1.64 7.20 0.00 0.00 0.00 | 0.00 3.6 
Heby28222ss- . 00 Sail 36.95 3.28 10.61 . 00 . 00 .00 12.01 5.03 
Mana (estene . 00 6.62 39. 92 10. 56 19. 22 24.48 oP. 22. 80 27.92 21.9 
Mar 14: 2328 . 00 10.09 63. 83 15.69 19. 73 36. 36 23.63 31.90 48. 23 30.2 
WiGye, PAE eco . 00 13.56 70.35 21.19 23. 24 57.14 45.45 * 44.30 66. 24 34.2 
Wihie Pree osee 3.93 23.34 72.52 38.05 |} 30.96 Cle 7 55. 45 57.20 79.35 36.4 
JX} 0) hy Me eas 6.87 35. 95 74.69 46. 53 38. 16 75.70 63.63 64. 20 84.16 41.4 
JNO eS WE Rees 24. 54 41.5 81. 21 49. 42 43.87 81.28 68.18 70. 40 89. 58 o2e 
AMT Sasa SYA iLL 46.05 Sieuiie 52.41 47.78 84.46 74. 54 77.40 93. 80 ie 
ING PA 3Go6e 40.67 | 48.89} 96.42) 53.86! 56.39) 85.74 87.27 79.51 95. 02 58.4 
Mee 2e2 = sae 52.73 61.83 96. 42 60. 41 61.30 88.62 90.91 82.62 95. 88 61.2 
WIEN? Qsde5ue 60. 44 70. 66 98.59 AB 1) “Orel 92.30 91. 82 88. 73 97. 50 85.4 
Mayl6s225-2 125 75.39 98.59 75.64 Uap 95.75 94.55 91.94 98. 36 90.4 
May 23..-.-. 86.41 88. 64 98.59 84.77 82. 43 98. 76 98.18 94, 95 98. 92 92.5 
Wien eoecous 91.60 93.69 98. 59 92.77 89.73 99. 34 98.18 97.56 99.18 94.7 
Ajonnicy see ae 97.36 99.05 | 100.00 98. 43 96. 83 99.78 99.09 99.17 99. 90 98. 5 
suNeW3s2 22. 2 99.19 99.68 | 100.00 99. 89 97.83 99. 88 99.09 99.68 99. 97 99.1 
June205 99.61 99.68 | 100.00 | 100.00 98.74 | 100.00 | 100.00 99. 99 100. 00 99.6 
JuMe ie 22 oe 99.89 | 100.00 | 100.00 | 100.00 99.94 | 100.00 | 100.00 100. 00 100. 00 99.9 
dol, 4 eaSe 100.00 | 100.00 } 100.00 | 100.00 | 100.00 |} 100.00 | 100.00 100. 00 100. 00 99.9 
JU key (ene eo lpg Sp I Ch eee ok eves og Cees | ee oh eee oe | ike See eens tees 100.00 


NUMBER OF BOLL WEEVILS SURVIVING THE WINTER WHEN HIBERNATING IN 
THE OPEN FIELD. 


In Table XVIII are presented the data on the number of weevils 
surviving the winter when installed in the hibernation cages at dif- 
ferent dates in the fall under open field conditions. Of a total of 
4.300 weevils installed in the cages an average of 5.76 per cent sur- 
vived the winter. The cage installed on November 15 showed the 
greatest percentage of the total emergence, while the cage installed 
on October 1 gave the smallest percentage of emergence. Emergence 
from hibernation started in all of the cages, except the one installed 
on December 1, on February 20. As was to be expected the date of 
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last emergence was made by a weevil placed in the hibernation cage 
on December 1. The dates on which 25, 50, and 75 per cent of the 
weevils had emerged follow very closely the sequence of installation. 


TABLE XVIII.—Hibernation of the boll weevil in open field cages, winter 


1918-19. 


Nee 
ber 0 
Cage Date A 

No. |started. eae 

stalled. 

1918. 

5 Leesa Oct. 1] 1,000 
Awe oars Oct. 15} 1,000 
eee Nov. 1} 1,000 
AQE See Nov.15} 1,000 
AB as Dec. 1 300 
Total 4,300 
PA ae al| Mite me ls 860 
Mass. Sasa ee ' 1,000 
DIVE pat | rcs! 300 


Date of | Date on | Date on | Date on|,. 3,4) Numberemerg- | Per- 


las which | which | which at ing. cent 
x 25 per _| 50per | 75 per i! age o 
cence, [cent had|cent had|cent had Pane Fe- sur- 

8 emerged.|emerged./emerged. SeNCe \ales males Total.|vival. 

1919. 1919. 1919. 1919. |Days. 

Mar. 16 | Feb. 20 | Feb. 20 | Mar. 16 DATEL 1 2| 0.2 
.| May 27 | Mar. 1} Mar. 8} Apr. 2 96 | 17 21 38! 3.8 
June 2] Mar. 7} Apr. 2} May 6] 102 | 23 22 45) 4,5 
June 1 | Mar.16 | Apr.17 |...do...| 101 | 68 59 1D alin Dy | 
June 5 | Apr.1l ay 4] May 10 87 | 14 9 23) || 275.6 


FASO eRe SS eal Ce ene ots Seer Ons 410 123 {112 7B) oasGas 
Bei tersiets ial| Clee sara totarell tole ere ya [ye eee oT raat de 82 | 24.6 | 22.4 47 | 5.76 
erate tevayate vei| sfajavaiereveie | eis aye ate cl [ ere ayer ea eee eye 102 | 68 59 127 | 12.7 
Beer aaa erates steps ial eeieiatawr ae Penveetas ses] ee soci ae 24) 1 1 2 2 


NUMBER OF BOLL WEEVILS SURVIVING THE WINTER WHEN HIBERNATING ON 
THE GROUND IN THE WOODS. 


Woods shelter has always been considered one of the ideal places 
for successful hibernation of the boll weevil. The results secured at 
Madison showed a total percentage of survival of 12.8 as compared 
to 5.76 per cent for the open field. The results of the woods hiber- 
nating experiments are presented in Table XIX. In every case the 
emergence started from the cages on February 20. The cage in- 
stalled October 1 gave the smallest percentage of emergence (0.8), 
while the cage installed November 15 gave the highest emergence 
(20.7 per cent). 


TABLE XIX.—Aibernation 


records of adult boll weevils in cages on ground in 
woods. 


Num- Date on} Date on| Date on - Number emerg- | Per- 

per of | Date of) Date of | Which | which | which |Petiod ing. F cent- 

Cage Date el first last 25 0 o of f 
No. |started.| “°'"S| emer- | - emer- per | oO per | 75 per |emer- pace 
in- ance ence, (cent hadjcent hadjcent had) > oo. Hoe | sur- 

stalled.| 8 8 - lemerged.jemerged.|emerged.|® |Males males| otal. vival. 

1918. 1919. 1919. 1919. 1919. 1919. |Days. 

Dink tee Oct. 1| 1,000 | Feb. 20| Apr. 2] Feb.20| Feb.26| Mar. 4] 41 Lue Sil. O88 
Sy ete Oct. 15} 1,000 |....- do..| June 17 | Mar. 4 | Mar.16| Apr. 5 117 19 22 41 4,1 
Seen ce INOWASTIED O00) 2222 © do..| June 1/ Apr. 4| May 6| May 7] 101) 115 81 | 196} 19.6 
ean ee IN Oil 5 el 0008) L552 do..| June 8 | Mar. 5 | Apr. 2} Apr.28|] 108] 113 94) 207) 20.7 
VA te lee Decialie 300s iss = do..| June 16) Mar.12} May 7] May 7] 116 30 | 27 of | 19.0 
Mo tales |teceesest Ae SCN) aera ce | ME Meat RIN eipateer ie ep Mag Ph ASS TOR Te ls 298e e509) aera 
SAYS Suet 3G sree SOO) RR ee: EAB Epi one: LE ei yk RRL A IR Uae MILLE a 96.6 | 56.2 | 45.6 |101.8 12.8 
Meader as eee ae LE OOO UIE Racer melee ien wee alinen vn Sulit otee yen ee 3 US ok 1207 20.7 
Mine sss. KOU) ae Aes NS Bee eee, gee ee |e De Oe oe | en eee 41 4 | 4 8 0.8 
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The data on the survival of the weevils in cages installed 10 feet 
above ground in trees are presented in Table XX. Only 4.54 per 
cent of the 4,400 weevils installed in the cages in the trees survived 
the winter. The cage installed on November 15, however, gave a 
total emergence of 10.2 per cent. In connection with the dates of the 
beginning of emergence of the hibernated weevils it is interesting to 
note the manner in which the moss held back the weevils, the first 
emergence not occurring before February 26, and the last emergence 
taking place on July 7. 


TABLE XX.—Hibernation record of boll weevils in cages installed in the trees. 


g 5 Num > = 
5 S) Date on| Date on| Dateon| § eae E 2 
Date | ‘38 | Date of| Date of | which | which | which | © g iors) te 
No. 2-5 | emer- | emer- | percent) percent | percent 3 f Pale . jel Se 
2 gence. | gence. | had had had | S™| & a | (ga P 
=> emerged. emerged. emerged.) & e a Se) les B 
Z ow = |e |e | |e 
1918 1919 1919, 1919 1919 1919. |Days 
Sic snicttc Octsed 1, O00 2s eer oe eee oceen ace a eale ie eee 0 0 0 10 0 
Ge ehee: Oct. 15 | 1,000) Mar. 3 | July 1 | Apr. 2| Apr. 9| Apr.14 }106 | 33 | 27 | 60 10} 6.0 
Dekesns Nov. 1 | 1,000} Mar. 6 | July 7 | May 10 | June 2 | June 4 {113 | 20 | 18 | 38 10} 3.8 
py ae ee Nov.15 | 1,000) Mar. 4 | July 5 | Apr. 7 | May 5 | June 2 |112 | 60 | 42 {102 10} 10.2 
Dee Set Dec. 1 400| Feb. 26 | May 20 | Feb.26 | Mar. 8 | May 4 | 83 6 GS) ab Ua) PS 7 
OCA | aes ee 4, 400) AA ORAS eS Seen Senne Sere 414 |119 | 92 |211 50 | aa ee 
AN ata sw Oee tstel) aS teres esesernnol seeasenac | basetocose 82.8} 23.8] 18.4} 42.2) 10) 4.54 
Mae basso aoe L(Y peecseac| caatecnes|eeoSaahcd|ectaceses|ceescuese 113 | 60 | 42 |102 10} 10.2 
Mabry se eee can AOU Sec none et mace Seok a ea eect cienee crepee ae 83 0 0 0 10 0 


SUMMARY OF THE HIBERNATION OF THE BOLL WEEVIL UNDER ALL CONDITIONS, 
WINTER 1918-19. 


Table XXI gives a summary of the hibernation records secured 
at Madison, Fla., during the winter 1918-19. The records show that 
of 13,100 weevils installed in the three sets of hibernation cages at 
different dates during the fall of 1918, only an average of 7.54 per 
cent survived the winter. The highest percentage of survival is 
shown in the cages installed in the woods on the ground. The second 
highest percentage of survival was in cages installed in the open field 
and the lowest percentage of survival in the cages installed 10 feet 
above the ground. It is also noticeable that in every case weevils 
placed in the hibernation cages on November 15 survived in greater 
numbers than those placed in the cages at an earlier or later date. 
It is evident that weevils that become adult right at the time of 
entrance into hibernation are not in as good physical condition to 
go through the winter as weevils that have had time to feed longer 
and thus get their stomach contents in proper condition for entering 
hibernation. The maximum survival by the weevils that were placed 
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in the hibernation cages on November 15 was followed in order of 
total emergence by the survival of weevils placed in the cages No- 
vember 1 and December 1, respectively. 


TABLE XXI.—Summary of hibernation of Anthonomus grandis under ali con- 
ditions—winter 1918-19. 


Open field. On ground in woods.| In treesin woods. 
oe ncaa Prasat 
“7 per- 
bes Number Per Number Per Number Per- sane cent- 
Date ae emerged. cent- emerged. cent- | emerged. | cent- ; age 
started. vils age age age surviv- 
placed surviv- surviv- surviv- Ing 
in |v Fe- | ins M ye || eS M Fe- | ine 1 eed toes 
cages, | Males.| wales. Sa ales.| males a ales. males baa Males. | males. ; 
1918 
Oct. 1. .-| 3,000 1 1 0.2 4 4 0.8 0 0 0 5 5 0.3 
Oct. 16. .| 3,000 17 21 3.8 19 22 4.1 33 27 60 69 70 4.6 
Nov. 1..-.} 3, 000 23 22 4.5 115 81 | 19.6 20 18 3.8 158 121 9.3 
Nov. 15..| 3, 000 68 59 | 12.7 113 94°) 20/7 60 42} 10.2 241 195 14.5 
Ce al 100 14 9 7.6 30 27 | 19.0 6 5 2.7 50 41 9.0 
Total. .|13, 100 123 DTU eveteve 281 IPAS \eanoe 119 OO a seas 523 CRAM eceHe 
PAL arenes | crete 24.6 | 22.4] 5.76] 56.2; 45.6] 12.8] 23.8] 18.4] 15.34] 104.6] 86.4 7.54 
Max sail etsctevtaye 68 59 | 12.7 115 94 | 20.7 60 42 60 241 195 14.5 
Minty She. come: 1 1 0.2 4 4 0.8 6 5) 0 5 5 0.3 


GENERAL SUMMARY. 


At Madison, Fla., the average longevity of hibernated weevils 
without food was 12.7 days, and 18.8 days when fed on cotton plant- 
lets. Adult weevils of the first and second generations lived 24.3 days 
on cotton squares and 12.3 days on cotton bolls. 

On sea-island cotton plantlets the hibernated weevils lived 11.05 
days. The first and second generation weevils fed on sea-island cot- 
ton squares lived 10.7 days, while the weevils fed on sea-island cotton 
bolls lived only 15.3 days. 

There is practically no difference in the longevity of boll weevils 
on sea-island and upland cottons. 

The average period from the time the weevils become adult to 
oviposition at Madison, Fla., for all experiments, was 8.9 days for 
weevils bred under insectary conditions and 7.07 days for weevils 
bred under field conditions. 

The average period of oviposition under insectary conditions for 
all weevils under observation on upland cotton was 33.1 days. The 
entire series deposited eggs over an average period of 31.7 days 
on sea-island cotton. The largest number of eggs deposited by a 
single female weevil was 432. This record was made by a hibernated 
female on upland cotton squares under insectary conditions. The 
largest number of eggs deposited during any one day under insectary 
conditions was 25. This record was also made by a hibernated female 
weevil. 
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The average period from oviposition to adult of all weevils bred 
under insectary conditions on upland cotton squares was 14.91 days. 
On sea-island cotton the average period from egg to adult for all 
weevils bred under insectary conditions was 14.94 days. 

The field-bred weevils showed more vitality than weevils bred 
under artificial conditions. 

Under field conditions the average length of time the infested 
squares hung on the upland cotton plants after egg puncture was 11.5 
days. The time required to complete the development of the im- 
mature weevil after the infested square dropped to the ground was 
10.8 days in upland cotton squares. 

There was practically no difference shown in the length of the 
developmental period of the boll weevils bred in short-staple upland. 
long-staple upland, and sea-island cotton squares. 

The developmental period of the boll weevil was approximately 
7.5 days longer under field conditions than under insectary condi- 
tions at Madison, Fla. 

Soil temperatures of 120° F. and higher are usually fatal to the im- 
mature weevils under field conditions. 

The boll weevil at Madison, Fla., shows a decided tendency to 
form a new variety. 

The hibernation of the weevil at Madison, Fla., is incomplete and 
the adults are seldom inactive more than 30 days at a time. 

The emergence from hibernation of the weevil in Florida is very 
gradual, the total daily emergence bearing a direct relation to the 
total daily rainfall. 

Weevils survived the winter in larger numbers in cages set on 
the ground in the woods than in the open field or in cages in trees 
10 feet above ground. Weevils placed in hibernation cages on 
November 15 survived in larger numbers than on any other date 
of installation. 

The percentage of total emergence from hibernation begins with 
more acceleration in Florida than in Texas up to the time that 25 
per cent emerges. After 25 per cent of the weevils have emerged in 
Florida the emergence is less rapid and the Florida emergence curve 
very closely approaches the emergence curve for Louisiana. 

The total percentage of hibernating weevils that survived the 
winter of 1918-19 at Madison, Fla., was 7.54. 
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